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THE FLIGHT OF HAWKER AND GRIEVE. 

On May lS, 1919, at 5.45 1). m., G. &I. T., Rfr. Harry G. 
IImvker and Conimnnder Mackeazie-Grieve left St .  
Johii’s, N. F., for 2% nonstop flight direct to Ireland. For 
several dags no news of them wm henrd, hiit, 011 May 35 
the world was electdied to learn t,lint tliesr iliwiiig nvintms 
hail been redcuecl at sea by n Dniiisli stemiship. Mr. 
IIawker told liis story siniply n.s follows: 

“We l i d  -wry clificultr groiiiicl to rise from on t,hc ot,lic~ 
side. To get in the air at. all me. hiid to run ilin.goiidly 
across the course. Once IVC got mv\lz~p w e  climbed very 
well, but about 10 minutea up we 1msseetl from tirm, 
clear weather into fog. 

“Off the Newfouridlalid b;inks WP grit, ivell ol-er this 
fog, however, niid o€ course at  once lost, sight, nf t.he s m .  
The sky wns quit.? clenr for tlie first four lioii~s, wlicvi t.lie 
visibility became very hxd. H W Y ~  cloud hnnks were 
encountered, nnc-I e-i-entuttlly we flex- into 2% hen\-y st,orni, 
with rain squalls. 

“ A t  this time we W C ~ R  flying well aljo\*c t,he cloutl.; at 
a height. of ahout 15,0(1iJ fcrt. 

“About five and om-linlf hours out., owing t,o tlic 
choking of the filter the tempemturc of t.hc w-nt.er 
cooling out the engines stmtrtl to riw, ljut n.ft,er coniiiig 
down several thousand feet. we overcmie this tliflicultg. 

“Everything welit \vel1 for a €WV hours. ~ 1 1 ~ 1 1  oti(:e ttgikill 
the circulation system became cliokcr-l niitl tdie tenipcrii t.uw 
of the water rose to the boiling point. We of coursi’ real- 
ized that until the pipe was cleared w e  coultl not rise liluch 
liiglicr without using 2% lot or mnt.or p:)wer. 

“Wlieli we were about 1 O!< liours 4 1 1 1  oiir wny t,hc cirvu- 
lation system was still giviiy trouhle, i~iitl we realiz~tl we 
could not go on using up our niot.or p w e r .  

“Then it wns w e  resclietl the fateful dccisioii ti-) play 
for safety,. We chnnged our course niitl l q a n  t.0 fl? 
disqmdly across the mn.iu shipping rout e for ilb()nt two 
unci a hnlf hours, when, t.o our great. relief, wr si~lit,ecl 
the D:iuisli st.eniner, which proved bo be thr trnni!i . A h r / / .  

“We a.t once sent, uy our Very light distress signnl:;. 
These were answered pronipt,ly, alii1 t.lieii we flew oii 
about t v )  miles and luudetl ill t.lie w-nt.er dientl o f  tlie 
steamer. 

“The sea was exceedingly rough and despite the utniost 
efforts of the Danish crew i t  was one and om-half hours 

1 New Sork Thes .  Mny 27,1919. by courtesy of t.he London Daily Mail. 

before they succeeded in taking us off. It waa only a t  
a great risk to themselves, in fact, that they eventually 
succeecled in launching a small boat, owing to the heavy 
gale from t,lie northeast which was raging. 

“Altogether, before being picked up, we had been 143 
hours out from Newfoundland. We were picked up a t  
8::W (British sunimer time).” 

Coniiiianr~er Mackenzie Grieve, the navigator of the 
Sopwith, said: 

‘When hut n few hundred niiles out a stroii northerly 

ii.lways possible, owing to the pressure of the dense masses 
of cloud, to  bake our bearings, and I calculate that a t  
the t,ime WB deberniiiied to cut across the shipping route 
w e  were d,out 300 iiiiles off our course. 

I ’ I J p  to this change of direction we hac1 covered about 
1,f)OO niiles of our journey to  the Irish coast. [The land- 
ing w:ts macle in latitude 50’ 31’ N., and longitude 
3 9 O  30’ W.]” 

During much of the t h e  n straight course could not be 
st.cnrei1 bectxuse of clouds. In this way much time was 
lost,, so it is not surprising that a speed of only about SO 
iiiilcs hour (1,050 st,atute iiiiles in 13 hours) was, on 
t,he average, innintainod. Very likely, however, this 
loss in speed was due in no small measure to the fact that 
cross wiiirls prevailed during the greater portion of the 
flight. The air speed of the Sopwith machine is not 
known, but it, was prohddy about 90 iiiiles an hour, and 
the course of flight was on the average E. 1.5’ N. If we 
assume t,hat t,he wind blew a )prosimately a t  right an les 

is n f:i.ir assumphn, judgin froin reports published I) we 

woulcl have to make a11 angle with it of about 363*, and 
the resultant speed would he only 51 miles per hour. 
Unc1c.r the condit.ions of s )eed above uiven, i. e., wind 40 

might \,e cttUed the wind’s critictd angle, or an angle with 
the course such t,liat neither arsistance nor resistance 
would be offered, is about, 7F0.a 

A diacussion of Alcock‘s nnd Brown’s successful non- 
st,op trrans-At,lantic flight will apl)eitr in tho June, 1919, 
number of the MONTHLY WEATHER REVIEW.- W. R. 
Bregg. 

gida drove us steadily out of our course. P t was not 

t.o the course with a speed o / 40 niiles per hour (and 5ll t a 

find that the machine, in or( f er to follow the clesiredcourse, 

miles ier hour and nirp 5 an8 90 rides per hour, what 

-_ -- 
1 Sce also Charts S V  and XVI  in thls number of the Review. 
2 Cf. 10NTrILY WEATHER REVIEW, February, 1919, p. 70. 

A NEW EVAPORIMETER FOR USE IN FOREST STUDIES. 
By C .  G. BATES. 

[Dated: 11. S. Forest Service, Denver, Colo., -4pri1, 1819.) 
. 

SYNOPSIR.--TII~~ artirle treat,ic of tlie subject of evalioration or tmns- 
piration from plants. of the fwtore wliicli influcnw it. and of the con- 
ditions whir-h must be n y t  hefore water loase~ from planta can lie 
ap roviniately determined tlirouqh iiistrumental evaporat.ion. 

f t  ii pointed out that the “evapmstion strew” or teiidency to evs 
orate, i4 produced 1iy a clizfereut cu!ii;>in:ition or r%’t,:Jrs in  e,u*li Ijo& 
from which e\-aporation may ocmr. Berzu-ce of the fact that the 
vapurizinq propem in leaves t.ake3 plrrce on the surfare. of inoint vel1 
walls wluch are not diredly exponed t.o t.he nioviny air, the t,lieory 
would lead 11s to expect that t,he edert OC wind mould be greatly min- 
imized in evaporation from lesve3. the rate of d i f fukn  IJf the vapor 
b e i q  almost completely cont.roll(d hy vqmr p:.eaaures in t.lie leaf 
(int.er~ellular 1 spares. On the other ht~nd. t,he leaf i n  ndminl-ily 
adapted for ahsorhino; the sun rays of all wsve 1enyt.h; hence evapira- 
tion from leave3 will lie more d i r e d y  controlled by t,hc supply of 
radiant energy than perhaps will t . h t  from a liody wliic-h r1oe.l n‘lt 
absorb so readily and whirh may ohtnin con&lcmlile heat from t,lic! 
air. esperisllv i f  a strong wind hrings new supplies of air rapidly to 
the evsporatihg surface. 

The article then describes the efforts which were made to devise an 
instrunlent having about the Fame relation to wind and to radiant 
energy as do leaves of plants i n  general. The idea of an “inner cell” 
for the vaporizing process, rather than a freely exposed moist surSace, 
WAS t.lie baris for these efforts. The result was a very prictical metallic 
iwtrument known aa the “Type 1 evaporimeter,” whose behavior and 
operation are fully described. The essential feature of this instrument 
i n  a moist layer of linen between two metal plates, the upper of which 
protect.3 the wick from rain, is coated wibh lampblack and traneniita 
ab.<orbed heat to the wick; the lower plat,e is thick and contains a 
niirnlipr of small perforat.ions siinulat.ing the st.oniata of leaves. Va or 
fnrmed i n  the moist, linen escapes through these perforations. $he 
layer of linen is  ahovc a well-insulated tank, from which it i R  fed by 
a *t.ein wick. Distilled wat,er is used and evaporation lmaes are ob- 
tained by weighing before and after expoeure. 

It is  ~ h o n n  t,liat, considering either a large number of daily periods 
having a variety of weather condit.icincr, or shorter periods a t  different 
times of the day. the evaporat,ion from the Type 1 evaporimeter paral- 
lels the total trampiration of 12 small coniferous trees more closely 
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than does the evaporation from other instruments romnionly used in 
ecological study, or the earlier types which led up to Type 4. “Tlie 
others show wider variation i from the plants) aljotlt, in p:oport,ion to 
the degree in which the expose the evaporating surface to moving 
air, and fail to absorb fu$ ;lie heat of sunlight.” 
This parallelism between plarit,s and the new instrunicnt. co. -11 1 wises 

the sole technical argu:nent in favor of its use, at the same time de- 
monstrating the correctness of t,he theory on whicli the instrunient w~ 
constructed. 

On the other hand. tlie new iustrunient has an appan.nt,ly nlljcc- 
tionable feature in  exposing a horizontal surfwe t.0 evapnrat inn. Tliic, 
it is shown, may possilily be an advantnge, if. as i t  appears. plnnt 31:- 
tivity becomes less as the season advances. nnd the in5trument nt the 
same time exposes its absorbing surface leas squarely t.o t . 1 ~  siin’s rays. 

In the closing paragraphs tlie pravtical feat.ures of tlic in.drunic.nt 
are stressed, and precautions in ita w e  are +en. 

. INTRODUCTION.  

The purpose of the present, pnpor is to descrihn t,he 
construct,ion, behavior, ant1 c-~pcrat.ioii of a ntw cnipori- 
meter or atmometer which has been tlcrsigiietl pa.rt.icular1y 
for studies in forest ecology, but, which iiiay find a witlcr 
field of usefulness. Before at,:,empt.ing such closc:ript,ic )ii 
it will be well to outliiicl soiiio of t.ho thonrst.ica1 nnd 1)ra.c- 
tical considerations which have lot1 to f.he clordopnion t 
of this instrument. 

Perhaps the only respect, in which foros t st,ucliss 
demand a difftrrent trentment, from ot.hcr ecological 
studies, is in tho year-long ohservations, necessitntecl by 
‘the perennial nature of t,he plants involwd. Boon.ust! of 
this there seenied to be clenianded an eva orinir? ter which 

already secured, and soon to be published( I ) ?  fully justify 
the assum ition that winter records of eva orat.ion tire 

could be used undnr any weather con( P it,ions. Rosults 

necessary 1 or an understanding of forest, pro 6 leiiis. 

climatological purpoys, or in connoct,ion with ec.o I (-q.$d 

almost RS reltcli r y as evaporat.ion it.self, but, wliich v q -  in 

As 6 K e present writer untlerst,n.ntls the nint.tctr, nv:q>nra- 

P U R P O S E  OF EVAPORATION MEASUREMENTS.  

It is presumed that t,liere is a coninion object in most 
measurenients of evaporabion, whet,lier made for xirely 

or physiological st.udies of plant,s or a.ninials, nnniwly, t30 
secure an i n t q p t i o n  of the t.+ffects of all those fnct,tJrs 
which contribute to evaporat,ion, a ~ i p  or all of wliich 
might be inde endently iiieasured more precisel>- nntl 

their combined ac&n to such nn extolit, that 111 b furniuln 
has ever sat>isfactorily iiitegratoc\ t,lieni cvon x;if.li reln f ioii 
t,o eva orat,ion froin bodins of free w-at.er. 

t,ion with respect. to aninials is of grnatar import.:mce in  
effecting sensihle toniperat.ures than in effect.ing ilirec t. 
water-loss ; witch respec.t, to  soils, t,Iiem is no ccjnst.sn k 
evaporahn problem in agriculture, becauscr soil emporn- 
tion can be very largely coiitmlled by cult.ivation, and in 
forestry there is likewise no constant, soils prol~leiii. 
because t,he forest. soil may be well or poorly prot,c?c,t.ed 1.y 
a mulch. The big, ou tstantling prublem. susceptible of 
instruinental treahisiit., therefore, for ecologist,s, iind for 
climatologists whether they will it or m t . ,  is the prid 11o:>i. 
of the water-loss from plants to the atniosphere, awl it. is 
on1 with this problem that wc pmposo to deal. Nothiw 
wil P be gained by t.rying to conibine t.his problcni \vi& 
that of evaporation froni reservoirs, soils, e t.c. 

Even t.his problnni is not so simplo as i t  would n.t first. 
seem, for it is realiznd that) no t.wo pl:int.s, 110 tm-o I I ~ T C J  of 
the same plant, will respond t.0 era.pornt,ion s t,imuli in 
exactly the same way. Atnionietry, at. the best., niwst, 
be onlv an approximate method fnr iletern:ini.ng t.he rt?w- 
tion ot tahe plant in the niatt,er of t,ranspirntional water- 
loss. What i t  really aims t.o do is t.0 intr?gra.tr? all (-if tbc 
factors which coiltribute to ovaporat.ion :is n i d y  AS 
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mssihln in t.110 s n i i i ~  wav t,liat the plant. integrates these 
Inc:tors. It, is n!>vinus that t.he gr-)a1 can always be only 
:xp )roa~:liw:I, nerei reached, but. this is no rensoii for 
fni\ure to prngress. It, is almost, absurd, for esnniple, to 
~iiu:iwr~+ e\-:i.portit,ion for biological purposes in terms of 
a free-wnt.er surface, which is much qore  strnn ly influ- 

wliir ra.lLiiit.ion, i . h i ~ i  the, plzint. 
I-lorenb t.nr wt! i h l l  speak of tlie tot,al integrat.ed value 

of t.he f l w t ~ ~ r s  which ccmtrihii t.0 to ovaporntion as tho 
’‘ t1nip)riihn st.rtrss.” This is not alone the products of 
II t,moa Iicric fact.urs, for it. inc.ludes as well the tenipera- 

vf snlnr llnut,. It. is t.horefore evident that the evaporation 
stress, for it giron set of cnnditions, niay be as variahle 
as the kinds of Imilies from which evaporation occurs. 
It is simply a i:.on\-enients iianie for any integration. It, 
semis t,o 1)o nnr.c.4 t,at.od by t.he €tic t t,lint, ins trunicntd 
orapwntioii shnuld he aiialyzotl, that, there shoulil be a 
votliliiiili  basis for coinparin evnporatioii wibli transpire 
t,iiin, n n ~  t liero slioultl lie a L i s  for det,erniining wlietlier 
a plniit, is cw-n nrnt.ing in proportion to t.he stress existing, 
(.)r possibly is T ic:)lding up tra.iispiration by some protective 
devine. 

encw1 11y wind ~ i i c ~ ~ - ~ l i i t ? i i  t. tiiic: less illrect.ly a B ected by 

t.uro 1.1 F t.1113 hj t l j -  ( m i  wrakiiig, BR iiifluencecl by the supply 

THE COMPONENTS OF EVAPORATION.  

Tho nhject here is simply t.o taent, bhe fac.tors which con- 
tril-ni te to evapnrnt.ion qualitatively, and not to clqvise a 
formillti, hu t  to  make certain thnt no important itoni is 
ovidouktw 1. 

The ninin t,en.znre of a wiwn rate of evaporation is 
depenclent, priniiwily upon tyio heat, available for vaporiza- 
tion, while t,he rut.@ of diffusion of tlie vapor from the 
erq)ornt.iiig botly rnnlly controls the evaporation rat.e 
whon n t,lier f ac tors are cons t,an t,. 

111 t.he case of the pl:int, henb is derived from radiat.ion, 
diroo 1, or reflect,td sunli@ita being of tlie greatest iin- 
purt.ance; ctnd from the air in cont.aot wit-h the lalit.. 

t,he vapor niny he considered as a fuiict,ion of the tliffer- 
cnt,irtl vnpor . ressure between t,he intercellular spaces of 
the leaf and t ie at,niosphere imniediately surroundin the 
iiiout,hs of the stomata. The foriner may be consi ered 
for dl prnc.t,icn.l purposes as the pressure of saturated 
rapor at, t.he t,eniperat,urs of the leaf; the latter will be 
essrnt,ially t.he VR or pressure of the atmosphere, bhough 
slightly inodified !I -y the possible accumulation of vapor 
about the niout.li of t.hc stomata, and the aid to diffusion 
furnished by air movement. or wind. There is some rea- 
son for supposing Ohat t,he funct.ion of wiiicl in aiding dif- 
fusion has been g.reat.ly esa,ggernted : that its primary 
effect on evn orat,ion arises from the supplyin of heat. 
Tlicre can be 7 it& doubt but that vapor molecu 9 es, when 
they hrconie mixed with the molecules of tlie moving air, 
nre sct. in mot.inn in the prevailing direction, in spite of 
t.hc J~loleCular independence of the two kinds of gases. 
Bot.11 t,lit.ory and experience, however, point to the hy- 
pothesis that wlien air is niovin .horizontally over a water 

iiiolrcules out of the zone from which they might, rea ily 
rrt,urii t.o the water niass: but when blowing over the 
surfnce of n leaf the air eiicoun tm.s only niolecules which 
tire: niensurnbly removed from the water niass, dready 
xiloving nwav from it, in t,he nornial rocess of diffusion, 

miltvules likely t.o enter t,he stomata the wind would, 
theoretically, not rrniove any more than it brought into 
ranwe. At. t.he best, then, wind movement simply aids 
t,c:) c&nr corigest.ion around tlie stomata, and has no effect 

In  the case of the plant,, again, the rate of di !I uaion of 

f 7 

(P surface it, must aid mat.erial B y in carrying the va or 

aiitl  lint l i l d p  to be diverted froni t R at  course. Of the 
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on the initial direct.ion or velocities of the molecules as 
the are set free from the moist walls of t.he int.ernal cells. SA wqqcired jbr  pL,cr.portrtion,.-~p all o i ~ s  t.lie most ini- 
portant question in evaporat,ioii is the source and amount 
of the heat available for i t ;  for, if heat, is not. sup lied to 
the eva oratin body, its t,emperature must. q u i r k -  fall 
below t a t  of t e air and eva~orat,ion will appronnh the 1 zero rate as the temperature o the hotly approachcs that 
of the clew point. 

The amount of heat required to eva1mrat.e a gram of 
water a t  the boiling point is about, 537 calories, but. the 
amount is greater at, lower t,eni.peratures, slid for ordi- 
nary purposes we may ccinsicler it as be,iiig 600 cnlories. 
The aniount required to evapornbe from an nrluenus ssolu- 
tion, such as t.he cell sap of t.he plant., is ewii grent,er, 
probably in most plnnt,s about 700 calorics per-gram. 

As hm been stat.ed, most, of this heat must. he tlcriwtl 
from direct solar radiat,ion. The leaf is eminent.1-j 
adapted to absorb ncarlv all of t,he energy of t.he sunlight. 
which falls upon it. Tlie red and infra-rcd or “(1t1.rk” 
rays, which ossess a la,rge part. of t.he 1iea.t. cnergy. are 
readily absor f ed by the wat,er and cell wdls of t.hr 1ea.f. 
Some of the visible light escapes. The ult.ra.-roilet, )or- 

the chloroplasts, hut we shall consider t.hnt t.his energy 
is all used in photosynt.hesis. Of blie t,ot.til energy of sun- 
light about 2 calories per square centimeter per 1ninut.e 
at outer 1imit.s of atmosphere. t.here should be available 
for evaporation or heat,ing, after making all tdlown.nws? 
possibly 1 calorie. To erapor.st.e at, t,he rate of 1 grnni 
of water per hour, requiring say 700 cnloriee, thc lea.€ 
would therefore only h a w  t.0 esprrse irbout. 12 qun.rc. 
centimeters normally to t>lie sun’s ritys. 

If the same amount of heat wtw t.0 he supl)lietl l>y 
concluct,ion from t,he air. it, 1~1.)111(1 hc urrvasnry thnt, 1? 
cubic meters of air slioulcl wine in cont.nct> with the 1e:if 
every hour, assuming that. t,he air were c1111-y I ’ C!. n-iiriiier 
than t.he leaf. And, msundnp tJia.t, in pissing orrr t.he 
leaf it layer of air 1 mni. t.liick might. t.rniismit. .dl its sur- 
plus heat t.o the leaf, bliere \\-odd be rryuircvl a ve1orit.y 
of between 30 and 40 miles per hour t.o ljriiig t.liis v.c-11- 
ume of air within effective dist.aucr of the h f .  ‘I‘hia 
ra1culat)ion simply serves t.o ac.cent.uat.e t.hc import.tinre 
of sunlight, as a source of heat, for t,raiispirat.iori n.iid t.o 
show how impotent the only other possible sourw woultl 
ordinarily be. 

Conversely to the previous propc.)sit,ioii, if t.he condi t,ions 
in the leaf were such, and t.he humitlit,y of the atlanspiicw 
were so high, that evapornt,ion did not, occur rentlily, the 
temperature of the leaf might he higher t,han t,liat, of t.he 
air, and air movement would tend t.0 carry away heat. 
from t,he leaf, to just. t.he same est,ent. thnt, it. hns heen 
slioivn to be a possible source of hrat . ITiidrr swh cir- 
cumstances t.he effect of wiiid in lit11 >inp to tliffuse vnpor. 
we have reason to believe, is just a /I out, neutralized, and 
wind may, therefore, when t.he vapor pressure within t.he 
leaf is barely higher than t,liat of the out.cr atniospliere. 
be non-effective in producing eraporat,ion. 

There is another relation of hen t. to evapora t.ion which 
I have never seen discussed. The velorities of vapor 
molecules, and the result,ant rates nt which t,liey mill tlif- 
fuse from the intercrllulnr spaces to t,lw out.side &, (lo 
not increase as rapidly a.s their teniperait.ures. At. the 
same tiine, other conditions reiiinining t.he same, a highcr 
leaf t,eniperature must mean a larger supply of heat’, nut1 
a greater number of vapor molecules set, free en.ch mo- 
ment. In  the inter-cellu1a.r spn.cru of tlie leaf, wit.li a rising 
teniperature, due to steadily increasing iiisola t,ion, we 

R %  

tion of the spechum may he considerab1-j- ahsorbct f by 

. 

. 

t.lierefore have this coiiditios : The number of molecules 
set free from the liquid increases, the rel)ulsion between 
the molerules dso  increases, each requiring more space; 
there is set up within the lenf a.n accuniulatecl vapor 
~wcssure, causin a discharge in excess of t.h? normal rate 

t,he ou t.sitle v a . 1 ~ ~  pressure can only he iiiniiitaiiietl by a 
rn t.e of diffusinn somewhat greater than the rate of vapori- 
zation. When the. heat sul)ply and temperature are de- 
clining t.11e1-e will be reversal of this process-to store 
vapor. The result is siniply this: That the rate of trans- 
piration is hislier when the temperature of the leaf is 
rising, than wt ,h  the t,eniper+t.urq cleclinin , external va- 

t.1ia.t. t,lie storage space in the lenf WNS sufficient to make 
t,liis nn important item. Yet such a conception seems 
necessai-y t.0 account in part for higher transpiration 
rnt.es, genemlly, in tlie nioriiiiig than in the aft.ernoon, 
for equd t,empomt.ures, vapor pressures,. etc. 

It  is fairly obvious that this condition map not be 
duplicated in the layer ndjacent, to a free-water esaporat- 
iiig surface, because there is here no tendency for vapor 
bo nccuniulat,e on accoulit of inude uate avenues for es- 

t.hc agency of the inner cell which st.mcls between the 
cvapomt.ing surface and the outer air, and i t  therefore 
heconies apptirmt, that an atnioi?ieter, if i t  is to follow 
the ups aiicl clowns of trsnspiration, must, like the leaf, 
have soiiie s1mr.e for the stora.ge of vapor. 

of iliffusion for t. f: ie current temperature; ecplihriuni with 

por pressures, etc., being equal. It wou 7 d not appear 

cal!e. The phtwomenon in the lea 9 is dependent upon 

CONSIDERATIONS LEADING TO DEVISING OF NEW 
INSTRUMENT. 

The milt ters which have just, been nirntionetl appear 
to I)c ]m*cly tlieorthcnl, and they are that. They rep- 
1 csrnt an attempt to 1hc.e ol)scm-ed phenomenn within 
the c.oiifiucs of wnie grncrally ni 11 11icd)le hypothesis. 

For the most r a r t  the phenomena wliicli lecl up to 
this stntciiieiit of the theory of eraporntion and trans- 
l:ii-ntiotl caiiie to the writer’s attention, in the form of 
Blli.1iS’s work on tlie ‘ Tolerance of New England Forest 

(2) just at the nionieii t \vlien lie was struggling 
v ith tlic ~irac.tic~~l features of r~--nporation nieasurenxnts. 
The observa t ion regarding the reliiticin of transpiration 
t o  differential rapor pressures is hnsetl on a long series 
of nicasurements by tho writer, in 1917. These we soon 
to  lw published. 

Anionp the points enumerated by Burns in his “Con- 
c~luainns,” and fully corroborated by his data, are the 
following, which seem to have a bearing on tlie present 
problem. 

’ 2 .  When all of the factors affecting evapoi a t ion and 
transpiration ngree (that is, all tend towaFd an increase 
or a decrease snuult.aiieously) the hlack and white at- 
mometers and plants agree (tlin t, is, increase or decrease 
toget her). ” 

“3.  When certain factors are very marked (that is, 
when one or more are strongly I)retloniinan t o w r  others 
d i ich  might influence adversely) both instruments and 
plants ngree. 

“ 4 .  Whcn the factors wiry, some plus and some minus, 
the responses of the instnmients and plants disagrw, he- 
cause both hlack and white atmometers and plan ts are 
affectetl differently b different, factors. 

the morning. If, however, the meteorological contlitions 
are decidedly more favoratde to water losses in the after- 
noon, the maximum loss may occur later in the day. 
(On normal days, in the almce sense, when sunshine is 

‘Flip parenthetical elaborat.ions are mine: 

“S. Plants normal P y reach the maximum water loss in 
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essentidly the same morning and afternoon, and the after- 
noon temperatures are higher, the relative huiiiidi ty 
lower, with consequent higher deficit, the transpiration 
is markedly less in the afternoon than in the morning, 
while eva oration is usuaU somewhat greater). 

marked than upon the inst8runient3s (in reducing losses’). 
“ 11. Evaporation-transpiration coefficleiibs based 011 

unit of dry weight of plants for no-shade, half-shade, and 
full-shade beds show that t.he response of the plant agrees 
more closelx with the black atmometer than the white 
atmometer . 

For present purposes these conclusions niight be 
sunimed up as follows: The idants (tree s e e d h  s )  in their 

do t K e atmometers; the plants and black atmometer 
agree more close1 than the plants aiid white atmonieter 
because the blac l - atmometer absorbs trhe inore light of 
the two ; because neither atnionieter absorbs radiant en- 
ergy as fully as the plants, or uses i t  so effectively t.o 
supply heat for vaporiza.tion, both show greater depend- 
ence for evaporation upon the temperature, liuniidity., 
and movement of the air than do the plants. 

These technical considerations led to the decision to 
construct an atmometer whic.h would be as sensitive as 
possible to sunlight effects, t#lirough coniple te absorption 
of the rays, and which should a t  the same time be less 
subject to the influence of the moving air, by esposing 
the evaporating surface within a chamber which should 
have only a small opening tBo the out.er atnioslherc. 

a mechanical construction somewhat similar t-o that of 
the leaf and gave rise to the name “inner-cell evapori- 
meter.” 

The practical consideration which led to the same end 
were mainly those brought out by the attenipt to use 
existing atmometers for winter measurements. The 
Piche instrument had been very extensively used both 
winter and summer; in the winter by fillin witsli an 

mer with the innumerable difficulties of overflowing in 

“IO.  ‘&e effect of half-s 5: ade upon the plants is inore 

trans ira tion show greater dependence upon f igh t than 

Thus, the desire to attain certain physical relations \ ed to 

alcohol solution which could only be coin )are( Q in evapo- 
rating rate with water, and not with ice; c \ uring the suin- 

weather, and drying out or eshausting its water- 
in warm weatsher, under the necessary program 
observations and adjustments. The Livingston 

. orous cup had been tested in more espert hands and 
gad demonstrated its utility and seiisitiwness under 
growing season conditions, but with the first appearance 
of frost ceased t80 be serviceable. This technical feature 
of the pdrous cup and other objections t,o the then 
esisting precise atmometers have been so full - esplrtineil 

upon their merits and demerits here. There is one addi- 
tional point about the Livingsbon cup, however, which 
promised to be very troublesome. in forest, studies, wliero 
it is not always feasible to furnish protection against hail 
and other injury by tvhe elements, or against sqiiiweis, 
deer and other animals that will nose about. This is the 
fragile nature of the Shive non-absorbing apparatus, 
whic,h must be used to obtain good results. 

by Livingston, (3) that i t  doos notseeni worth w i ile to dwell 

DEVELOPMENT. 

The first effort to devise a more practical inst,runienb 
for our field conditions, and for situatio,ns where infre- 

uent visits were the rule, was nisde in the fall of 1915. 
h i s  instrument did not possess any new ph-jsical feii- 
tures, but attempted to make use of the cap111a1-y pro- 
perties of cotton wicking to overcome the feeding diffi- 

culties of the Piche instrument. In t,he top of a metal 
t,nnk, which presenbed ti flat surface designed always to 
he horizontal, two slit,s were macle about ‘5  centimeters 
long ant1 5 centimet.ers nlmrt, such that the ends of a 
st,rip of 2-inch wickiiig coulcl he thrust through them, 
reaching duwi into the w-at,er in the tank. When drawn 
tnut, there would be e.sposed on the top of the t8aiik an 
~ V R  x)rttt,ing suyface of al)out8 25 scpare cc?ntin?et.ers. The 
t.xnf<s were closignecl to hold o w r  R l ihr  of water. Thov 
were provided wit,h drain cock9, and t.he plan wzis to fill 
the t8aiili nt oach observation 1vit.h the cont,eiit,s of a liter- 
fnsk; tifter n period of era >orttting, the water would be 
dr:wn otf into the flask, ant II R graduate used t.0 again fill 
the flask t,o capacity, thus oht.nining. n measure of the 
aniount lost in the avaporatdng permd. This method 
was, of course, slow, very difficult, bo carry out, in freezing 
weather, and subject to the errors of all volmnetric deter- 
iiiiiiations under varyin- ternperature conditions. The 
tanks, moreover, to wit~stand the pressure of ice had 
been ni.nde so heavy RS to make close weighing in the field 
iniprac ticable. The co t.t,nn wickino liad abundant capil- 
lary capacity so long as i t  remaines moist; drying out in 
freezing weather, howerer, i t  usually failed to remoisten 
itself. The coni]!arisoiis between a shaded instrument 
nnd one fully exposod to tlie sun, were, moreover, very 
disalq)oiutiiig, and failed to h i n g  out one of the secon- 
dary ol)ject,s of t.lie measurements, which was to obtain a 
measure of sunlight hent8iiig rnlues. Not infrequently 
the insolated wick evapora t,ed, in a strong wind, less than 
the shaded one. This could he interpreted as evidence 
that, slight superlieating of the wick above air tempra- 
ture tended to eliminate air conduction as a source of 
energy for evaporation. I t  is possible that the shading 
device tentled somewhat to increase the air current, over 
the shaded wick. Even granting this, however, it  be- 
comes evideiit that the coiiiparison of shaded and inso- 
lated, or black and white atmometers, cnn not possibly 
giro a nien.sure of sunlight intensities. 

Wliilc bliese tests were being iiiade, tlie theory of plant 
evaporation was becoming clarified and another plan was 
tlevised. The Type-1 instruments had a t  least- shown 
bliat evnporation could he measured in below-freezing 
weather and that its aniount was not inconsiderable. 

The Type 3 wick evaporimeter, figure 1, embodied the 
iden of t,he “inner cell,’! corresponding in a rough nie- 
chnniczd way to tlie iiitercollular sj>aces of the leaf which 
the vapor of transpiratmion must, first enter, or, we may 
say, in w1iic.h t,he vaporizii?g process really occ,urs, 
ahnost, free from outside air influences. The tank was 
of t,he sttnie size as in Type 1, namely. 5 inches in diam- 
et.er, Ant1 of about a liter rapacity, heavily construct,ed, 
and wit?h drain cock. On this was built a lighter super- 
st.ruct.ure of t.he same dianiet’er, 3 inches high, and over 
this a low conical C C J V Q ~  was laid, having a flange whic.h 
fitt,etl closely on the superst8iucture aiid was held to i t  
by set-screws. At the peak of the cone ti circular open- 
ing it-tis ninde wit.li n clinnieber of about 3.5 cnis., or an 
~i.re:t of nlriiost esactly 10 scl. cnis., for t’he ndiiiission of 
sunlight. In the “shnde ” instrument. there was the 
same opening, hut it wtts surniount~ed by a secondary 
conical cover 1 cm. above bhe first, and slightly more 
est,ensive t,han t,he opeiiing. 

Within the suporstruc ture was a cylinder 3 inches in 
dinmeter, its open toil terminating a t  the saiiie lev$ as 
t.he iiiain walls: its. lower end terminat,ing in a wide- 
mouth funnel which opencd just above the water level 
in blie tank, or a t  the water level with the tank filled. 
On the inside of this cylinder was placed a cylindrical, 
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appropriate basket for their support. (1) Tank, (2) Drain- 
ht and ventilation, and hood to shade opening on “shsde” 

$9) Basket, (10) Flange by which basket is secured to end of 
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linen wick, held in position by having its t.op edge 
turned over the rini of the niet.al cylinder and covered 
by a clanip ba.nc1. The wick was long enough to rea.c.11 
down into the water, aiicl to practically close t,he metal 
funnel. There was thus esposed on bhe inbttrior of t,he 
second wall of the instrumcii t a nioist surface calculat.ct1 
to be about 1 S9 square cen t.iniet,ers, practically reiiiowd 
from any 1iea.t wliich the walls of the inst,runicnt, might 
ahsorb, and receiving i t.s heat primarily through n hori- 
zont,al oi1ening of 10 ss .  ems. area, which wouLI, of 
course. illuminate differen t, portions of t,hr wick a t  rlif- 
ferent hours. 

Two difficulties were esperienccd in tlie operation of 
this instrument. First., i t  was not found. as hat1 heen 
hoped, that tlie rnin or snow t,akeii in t.hrnugh the 10 
cni. opening coulcl be accouii ted for by nieasuring the 
depth of precipitat,ion in an orclina.ry gage. The anioun t. 
“shipped ’’ was occasionally more, hut. usually less bhnn 
the area of the opening would iniply, and while usua.lly 
a small factor as compared with the evaporation froni 

Ser- 
ondly, the hood used t.o esclude sunlight from t.11~ iqwn- 
ing of the “shade ” instrumenb uncloubtcdly in t.erferecl 
with air niovenien t aiicl diffusion as shown by com1~a.rison 
of the instrunieiits at night. For these reasons the coni- 
parisons of the two kinds of instruiiienbs were oft,en 
vitiated, and as correction can not. be niade for precipi- 
tation a.bsorbed by t,he “sun ” instrunients, only thc 
records of the “shade” have been used for any purpose. 

To Ilialie sun 
and shade instrunients equtd as t.o nir circulation, liow- 
ever, the air w-as adniit.tet1 hetween the t,op edge of the 
outer shell and the flange of t,lie conical cover, t.lie 1ttt.ter 
be iw rtlised about 1 centimeter. The wick was placed 
on t f e  o&ide of the int.erior cylinder, while t.he inlier 
surface of the latter was blackened t.0 tiljsorlj such sun- 
light as should reach it. I t  was espwt.ecl t:liat t.he heat 
would be concluc ted through the nie tal cylinder to the 
wick on its outer surface. This it. clicl not do satisfa(:- 
torily. To account for precipitntion. \I-hich, tis in Tylle 
3 niight enter the “sun” hut not t.he “shade” instru- 
ment, the inner cylinder was sealed t i t  it.s lower end, 
the plan being to withc1ra.w accuniultktecl u-at.er before 
weighing for water-loss. This iiistrunient was only 
tried long enough to show that the practical ilifficulties 
had been overcome, inconx-enicnce had heen creat,etl, 
and the technical features of the T y p  2 had *been prac- 
tically destroyed, as the sensitiveness to sunlight was 
much weakened, and the sensitiveness to air niovenieiit 
greatly increased. 

y e  4 was evolved at. alniost the s~i i ie  time a.s Type 
3 an was placecl in service ab a nuinher of st.ations in 
January, 1917. 

The essential features are: 
1. A li ht ,  seamlest copper t,:tnk, slightly larger a t  

possibly, to soniewhat relieve ice pressure on the I)ot,t,oiii 
of the tank, it having been noted that a.fter a vessel hits 
been soniewhat rounded on its bottoiii by ice pressure, 
further freezing within i t  does not muse apj)rc.c.inIjle 
change of shape. The capacity of tlie t,ank is about. 
450 cc. 

2 .  An outer, .polished shell, somr.wlin t larger t.liaii t,he 
tank, to protect tlie tank from insolation, to liccla i t  
clean, to furnish a larger bsse for the instruineat, and 
t,o be reiiioved in weighing. 

3. A li0110w stein of strong brass tubing, opening int,o 
the upper portion of the tank a t  its center, and sur- 
mounted by a horizont,al metal disk about 10 cnu. above 

cins. of wick, could never properly be ignored. 

Type 3 was very similar to Type 2 .  

(See figures 2 and 3.)  

the top t 9; ian bottom, t,o facilitabe spinning a.nd a h ,  

the tank. In this stem is placed a linen wick, made by 
rolling a piece of the heaviest daniask about 7 inches 
square, the threads being clrawn on one edge so that when 
rolled the upper end niay be flattened out into a rosette. 

4. The horizontal metal disk has a diameter of 11.27 
enis. (4.44 inches) giving i t  an area of 100 square centi- 
niet,ers. It is of l+gauge brass, or approsiniatel 

niade wibh one-eighth-inch clrill, giving a total area of 
openings of about 5 squaie centimeters. The stem wick 
projects slightly ahove the level of this disk, the end of 
t,he wick I)eing flattened out, in a rosette, as aforesaid. 

sisteeiitli inch thick. It is perforated by 64 dri d holes One- 

INNER CELL WICK 
EVAPO RlMETER 

TYPE 4 

U.S.FOREST SERVICE 11-20-16. 

9 4.4+“-4 

ACTUAL SIZE 

A- S?,3mk.r.rfank~o/&redo/dPrrdfo 8 
B - Rwf of,Snk.abUb/e 
c - f/ap r0 fi? oversbe// K 
D- fi//~q shffpef 
e - 5hm fir fedw/ck  
p - Disk perhwhi? Ibgage‘ 
6 - Lug & J ~ ~ - J Y ~ w  

I - &/krrehfi&y d i k  
H - Cover f5r djk-wkk 

K .- I 
FIG. 3. 

The disk wick, a flat piece of similar heav damask, is 
then laid on tlie rosette. 
about 4.2 inches in diameter to cover the disk fully when 
niois t . 

5. The cover is flat, barely larger than the disk, and 
having a 1 cni. flange which covers the edge of the disk 
when in position. In  this flttngc are tno  notches or 
slits, engaging sets screws on the edge of the disk. 
Holding the cover down iirnilj against the wick, t.he 
screws are set. The cover, and an esterior surfaces of 
the instrument are nickeled and polishecl. The 1 olished 
cover absorbs very little of the energy of sunlight, while 
a coating of lanipblack and turpentine gives it high 

The disk wick s i ould be cut 
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absorbing qualities. This coating is fa,irly durable 
under weather action, yet. can be removed without 
affecting the nickel coat.iil,a. Mixing the lamphlack 
with tu rpenhe  gives a fair binding quality without 
any luster such ns would result from ordinary p i n t  
niis tures. 

Once the cover has been set a.gainst the wick, it shoulcl 
no t be removed unless nbsolubely necessary, since m y  
cliange in its position will &ect tlie degree of contacts 
between the cover. and tlie wick, and hence the estent, to 
which the heat. absorbed by the cover is conducted to tlie 
wick a.nd is effective in evaporation. The cover should 
he set before calibrating and then not clisturbecl until i t  
becomes necessary to freshen wicks. 

It is evident that, wliile there are 100 squa.re renti- 
meters of moist wick under the cover, and an cqud 
blackened mea esposecl, in a horizontal plane, to the sun, 
only 5 per cent of the area of the wick is esposed to the 
air, nntl even this not directly, but in a recess nt the end 
of I pit, whose opening is downward. We niny cwnccive 
t.hnt. vaporization occurs throughout the ninas of the wick, 
m c l  thnt, such vnpor ns is formed in the s a.ces between the 

linen before it can escape. No ptwt of the \\-irk is exposed 
direc t,ly t,o air moving over it.s surfncc. The condit,ions 
undcr wliidi vn.por is formed, but ninre >nrticularly the 

scdc not dissimilar to those esisting in the leaf. 

disk perforations, must pass through t x e meshes of the 

conditiolis under 11-hich it, escapesq are. t. I ien, on n gross 

PRAC'TIC'AL DIFFIC.TTLTIES A N D  ADTAKTAGES OF T H E  
T T P E  4. 

Before considering blie behavior of bliis inst,runien t. in 
relation t.o t.rnnspiration of plants, I wish to tlesc-ribe it.s 
j)rnct.icd fcatures. Without in any w:ty csaggernt.ing 
its ntIvnnt.agea, I will simply sap that the present. dcvel- 
opnient. represen t.s the bcst. result of my own cywienre  
and ilificult.ies aiitl I cxn find no fratwe nf the Type -1 
ernporinieter which is objectionnhle. uiilesu i t  be t,he 
r:xt.lier srnnll volume of t,lie evapornt>inn in short periods. 

ll>iyh/.-The net weight is I>et.\veen 500 m i l  600 
grams, without t.he ou t,cr shell or hwe, which is a1wa.y~ 
reniovccl before weighing. With t,he tcink filled, the 
gross will usually ho nbout 1 kilo. nnd pnrtable scnles of 
this cn.pn.city are readily ohtainahle which are fairly sen- 
sit,ive to 0.1 grnni, so t,li:tt, there is no difficulty in oht,ain- 
ing :tll needed precision for mensuring loiig-t,erm losses. 
SiUce n loss of 40 grams in 24 1ioui-s is escept.ionnl under 
mciiintniri cniitlitinw, it, is seen t.lint less t,liii.ji thc capacity 
rh:irge of water .will ordinnrily suffice for weekly intervds. 

!'r,iii/)QCf)t,r.~.~.---BciiiF entirely of niet,al, niitl practically 
cylinilricnl in general o u t h e ,  t,he instmment m ~ t y  be 
\mtppcr-l in lreavy paper and packed in nlmost. aiiy bos, 
or carried even in n sack, wdhout dan~er  of injury. 

~ f i d j n ! ~ .  -The linen used for both st.eni .ant1 disk 
wicks ha9 strong cspillm-y properties, nurl if clean will 
readily nioisten tao the est,rcnie edges of the wick wit.liin 
an hour or two of the t h e  of filling tlie tank. The 
capacity of the wicks to supply ra lid evaporation losses 
has newr been seriously t.ased. 0) some 30 inst,runients 
in use chiring pa.rt or all of 18 months, onlv 3 hsve sliown 
nny inclinut~ion to overfeed nncl h i p .  The exact cttuse 
of this could not he traced, but. it. was probably due to 
stein wicks being too tight, causiiig wster to he forced 
up in them under air pressure, ns t.lie tanks warmed in 
the niiclclle of t.hc thy. No dripping as n result. of wetting 
by fog or rniii hnr ever been notscl. One or two instru- 
men ts have a t  times absorbed rain water, whicli flowed 
over the edge of the cover and entered around the set 

screws. This is not likely to happen, however, if the 
notches for the set screws are properly cut. and can be 
prevented by using rubber gaskets below the heads of 
the screws. 

SOILlNG AND R E P L A C E M E N T  OF WICKS. 

The instruments hare  been used in R rema.rkably dust- 
free region, t i a d  heiice any si,!ling of t.he exposed portion 
of t,he disk wicks is pract.ically unknown. After six 
months' use with tliatillerl wat.er, l~owever, both st.em 
n n c l  tlisli wicks, but especially t,he l:i.t.t,er, are likely to be 
considerably stained with oxides of copper, and their 
removal, or a t  least a t~liorough \vasliiag, is desirable, 
since, oi' course, the greatest itccumulation of such mate- 
rial will be in t.lic sninll sections esposecl to the air. 
Nothing but tlistilled water mr1.y be used, since even the 
solutes in filtered w-at,er would immediat.ely cause accu- 
niulataicins at, bhe ernpora.t.ing p i n  t.s. In a region where 
there is consitlera.ble dust,, unilouhtecll~ much shnrt,er life 
o f  t,lie wicks is t.o he espectd,  if good results are to be 
liatl. The posit,ion of t.he o lcnings on the undersitle 

mum. As with porous clap c\.tmomet.ers, t.he red danger 
with proper hantlling is to be looked for in the action of 
water on bhe instrument it.self. One must. not wait 
until the cti.pilltiry priqierties o f  t,he limn are tlcst.royetl, 
since c i i t y  rrpprwicrh1P qirn,)jiity r$ sohhlc wicitfw i i t  fhf! w(iitr 
to be vt!n.pririitrd .will c ( f f r r i i  the etwpornt.imt. rrrtr. 

i!n.Zi.6,.n,t,ion.-No effort was nia.de to cn1ibrat.e tlie 
several inst,ruiiiciit,s in use until t,he seasoii of 101S, so 
that the possibilities in this line ha\-e not been fully 
tested. Testing ordinilrily for periods of n week, how- 
ever, the 30 instrumcnt,s lime shown mtios to the stand- 
ard ranging fiwm 0.785 to 1.230. The great majority, 
however, frtll bet.wceo 0.900 :i.nil 1 . O W ,  the st,nndartl, 
t,aken arbitrairily from nmoiig t.hc first. inst.rumen ts 
ma.&, losing t% little inore wuttlr t h n  the s\-era.ge of the 
others. Successive crilibrations on tdie snnic instru- 
iiient usually mive very consistent, results, but, it  is 110s- 
sihle. by changing wiclx, hy resetting covers in somewhat. 
clifferent posi t,ions, nntl by nlt.ering t,he cnviroimental 
contlit,ions for cxlil~ration, to  ol)tiiin quite variable results. 
In ot,lier words, no two instruinents respnntl esltctlp t,he 
sanie to changes in environ!iic.iit, tliougli cloub tless 
their responses are more siniilnr tliun would be the 
responses .of nn instrument. ant1 n plant. Of a11 tlie 
factors c.ausing variation in ani1 lwtween instruments, 
the position and contttct of the co-ier with the wick seem 
by d l  odds the most iniport.a.nt. 

It is evident froin the rarintions between inst.rument,s 
that none should be uscd without stnnilnrclizing, altliougli, 
however cttrefully this . is done, it will not coyer a.11 
possible field conilit.ions. Af t.er stmtlarclizing great 
care should he used not. to clistwb the relation between 
tlie absorbing cover a.nd the wick. 

of the disk, however, rrtluces t, I lis aggravation to a niini- 

4 

BEHAVIOR OF I N S T R U M E N T S  I N  BELATION TO TRANSPIRA- 
TION OF CONIFER.OOS T R E E S .  

As has been stnted, some of the ic1ea.s as to tlie qualities 
which an ntnionieter should pnssess were gained 
through Burns's results in coinpnring the trnnspirntion 
of pine sectllings with eraporatioii from black and wlii t,e 
porous cups. The writ.er lius not, been partkulnrly 
interested in, nor hits lie l i d  npportunity to consider the 
t.ranspirntion belia.vior of 1ierhnc.eous plants. During 
1917, however, tlie clailp transpiration losses of 12 
sniall coniferous trees were clet,ermined over a period of 
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s1m. 

8 
2 5 . 8  

S 
28.21 

8 
13.27 

14 
15.22 

9 
9.84 
. 1  
5.51 

45 
10.45 

6 
9.44 

12 
11.30 
....... ....... 

considerable draft. The eriods divide theniselves roughly 

only the circulation caused by rotation of the table, and 
(:< those with an appreciable amount of natural air cir- 
culution. Group 2 is sufficiently represented to be 
considered separately only for the larger group of days 
liaviiig 201-500 niinutrs of sunshine. In  addition, it is 
ncwwary to consider the sin le day out-of-doors in a 

all proportion t.o that in tlie greenhouse. 
T:hle 1 shows for each type of atinoliieter the average 

rntio of its loss to tlie total transpiration of the 12 plants 
fnr eacli kind of day, as also the number of periods on 
which thc average is based. In  addition, there is shown 
the a\-erage clttily amount of transpiration for each class 
of  tlnys. All of the ratios of evaporat<ion to transpiration 
N C  giwn as percentages. 

tlien into (11 those wit P 1 no ventilation, ( 3 )  those with 

c.lzi.;s by itself, as the aiiiount, o f air iiiorement was out of 

Amount 
of tpuls 

pus- 

$& 
per day). 

9 
49.8 

9 
51.1 

9 
90.1 
a0 

66.8 
10 

160.0 
2 

141.8 
qe 

170.5 
6 

1so.g 
13 

205.8 
1 

228.5 

-- 

-1- 

I Character ofexposure. I ! 
No. 4, 
sun, 
-gaow. 

5.79 

li.35 
fi 

3.19 

Sunshine. 

None. .............. 

1-a00 minutca.. .... 

201-500 niimitca.. .. 

Over 500 ininutra. . 

No. 4. 
sun, 

3-gauw 

6 6  
6.32 

5 5  
7.3s 

6 
3.67 

- 

1 - . . . . .  

- ...... 

4 

13. so 
18. ltj 

I 

~ i w t i ~ ~ ~ t i o i i .  j 

XOTIl. .......... 

NOW ..........I 
\-ciilit.dioii.. . 

Noiic. ......... 

\~entilntion.. - - .--I . 

...... l 

I 

R.ili.1.. ............. I 
I C i v ~ .  vr ,!~L.,S. ....... 
k t 1 i . b .  .............. 
K 111; ,Y dxw.. ..... 
Ik-lio.. .............. I 
?i 1111:: .cy #I:!?. ....... 
I < ~ ~ t i u . .  ............ .! s I l i ! l I  .“r #!a!:<. ...... 
r ? l l i , J .  .............. 
? i l ! : l n !  l’r d!lY<.. ..... 

. . . . . . .  

N I ! I l . ! l l T  <::1p. ....... - - - I -  -..!- 
14 

2. U7 
.) I 

3. 29 ’ 
1 . i i  , 

1:: I 

l i  ! 

2 

_- 
.1 

16.011 
li 

I;. 24 
1:i 

Y. Ii4 

li. 311 

I%>? 

I, 

Avery:a!.io, ............................................. :3.4.: 
 pin!^ II 1 a n  :11on* ......................................... I.;, I!l 
Aversg v,ii in1 ion .......................................... I .  2 
Per iwit of \-xiation.. ............................... .....I :J.U 

~ . . . . . . . . . . . . . . .  . . .  -. . .  

. .  -. .. -. . 

No.4, I No.4, 
hxilr. : riin. 

- - 
3 ,  9 

1;. 15 i 7.29 
:1 I 8 

I;.% ! 7.32 
2 ;  s 

S.YY 4.23 
5 , 14 

4.15 i 4.71 
9 

4.71 

37 4li 

5 H 
6.54 li. til: 

I? 12 
4 . b O  6. 13 

1 1 
n:n; 5.45 -__ 

-. ...... - 

Instrument. 

50. 4, 
sun, 
gniier 

8 
0.45 s 
6.56 

7 
3.5s 

I I  
4.06 

9 
4.07 

2 
3.22 

45 

6. OY 
111 

5.37 
1 

I:. 311 

4.91; 
11.s.s 

I .  19 
31.0 

3. slj 
J 

- 

_. 

YO. 4, 
gl3ss. 

- 
8 

7. e3 
7 

8. a1 
8 

4.19 
13 

5.04 
9 

4.45 
3 

3.76 
32 

4.24 
1 

3.7s 
5 

5.4s 
1 

10.60 

5.75 
19. 111 

1. ‘Jo 
32.9 

- 

.king- 
ston 

white. 
- 

9 
27.94 

7 
33. li6 

7 
13.97 

13 
18.18 

9 
10.59 

2 
7.13 

44 
12.3s 

6 
lo.% 

11 
13.22 

1 
3 . 1 2  

16. .W 
66. 01 
6. w 
39.1 

- 

.i\ing 
ston 
>lack. 
-- 

9 
37.92 

8 
32.76 

8 
14.97 

la 
18. 39 

9 
11.33 

2 
9.35 

46 
13.52 

6 
13.62 

13 
15.26 

1 
26.00 

1s. 23 
64.2s 
6.43 
35.1 

- 

Pbhe 
:hade. 

- 
4 

22.06 
5 

23.76 
6 

11.28 
13 

13.87 
6 

7.94 
2 

4.81 
36 s. 24 
6 s. 57 

13 
10.27 

14.45 
...... 

13.53 
44.06 
1. s1 
3s. 4 

t,he influence of increased circulation, a.nd its behavior 
on t,lie single day with “wind’J (out-of-doors) is truly 
rcwinrkahle. It, &I not desired to lay too much st,ress on 
this single record. It is to be noted, however, that  the 
Type 4 I-gnuza “sun’J behaved similarly, tlie other Type 
I ’ s ,  1)eing less simi1a.r. The behavior of the Type 4 
LLslia~le” is similar to t.liat, of the free-surface Piche and 
Z,iringst,on instruments. This indicstes that! the princi- 
pal eRec t of air niovemeii t, in increasing evaporation, 
niay arise through supplying he& to the evn orating 

in nccelerating cliffusion of the va. or molecules~ for in the 

instmment,s of Type 4 shoulrl have been t.he same. We 
then see t,liat on clys with a large amount, of sunshine the 
li!nckenetl Type 4 1s not accelerated by wind, more than 
n w  t.hc plant.s, hecnuse both map- be slightly warmer, a t  
lcart. superficially, t,lian the air. Air movement ma.y; 
t.lirrefore, carry away hea.t, nlmost. a.s largely RS i t  hrings 
licn t. 

4. All t,liings considered, the Type 4 “sun” inatrunient 
l)ch:i.rrs, under a va.riet,y of conditions, niosb like t.he 
plmts, n.nd the ot,hers show wider variation about in 
proport,ion t.o the degree in which they expose the 
c\-aportit,ing surface to mo-ring air and fail to absorb fully 

surface rntlier than by assisting in any materia F degree 

latter respect, t,he influence on t, P le “sun!’ and “shade’J 
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Averjgr ratio to tnwupintion Qwrwnt) ... 
F i n n  of vnri:ttinns (pprwnt) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Averaqe variat.ion finm avrnige lstin ipcr 

wilt 1.. . . . . . -. . . . . . . . . . . -. . -. -. . . -. -. -. . 
Numlmr of pvriocls ... .._.._ _.___ _ _  _ _ _  _ _ _  __. 

Per rcnt of:r.;rr.rgc rariiltion _.._. _._.__.._. 

the heat of sunlight. The Type 3 “sun” is an exception 
in that it is not responsive to small amounts either of 
sunli lit or of air movement. Its actual losses are very 
smal , in proportion to the wick area ex osecl, inclicat.iiig 
that they are too largely controlled by t le small opening 
at the to of tlie instrument, which being considerably 

too much of a dead-air space within the chamber. 
The Type 4 with various layers of gauze, and thnt one 

in which glass was substituted for the metal cover, are 
not superior to the original conception. It should he 
said that the layers of fine, brass gauze, of the same size 
as the disk wicks, were placed beneath the wicks in the 
hope of increasing the total evaporation by facilitating 
the movement of vapor toward the ‘(stomatal” openings. 
Instead, they have evidently had the effect of creating-a 
larger chamber for vapor storage, a dead-air space as in 
the Type 2, and have removed the wick further from the 
influence of the disk, whic.h might a t  times be a source of 
heat. 

It may be said to overcome objections, that  if we should 
eliminate from consideration the single day with “wind” 

P P 
removed P rom tlie evaporatiiig surface, creates altogether 

I-- 1- - -’ 
-~----- 

2.78 7.52 8.SG 8.49 L.50 3.86 3.38 ’ 3.94 1.21 12.35 13.K2 4.24 10.4s 

20.42 49.85 33.57 17,;s 34.lti 81.03 10.56 I 11.45 21.98 132.31 122.92 55.27 114.57 
1 87 137 ‘37 127 4R 45 2 19 ’ z 19 ‘32 44 4R 136 45 

. S5? 1.311 1.447 .85S .!43 .6WJ .%fi ’ .I503 .687 8.008 2.671 1.568 ?. 551 
20 l i . 2  1R.3 15.8 1d.o 17.9 1 0 . 1 ; 1 5 . 3  16.2 24.8 19.3 19 24.3 

whose influence on the final result for Type 4 “sun” is 
negligible, this instrument would still stand superior to 
the others. Its percentage of average variation would 
then he 22.3, as against 34.5 per cent, for esample, for 
the blackenecl Livingston cup. 

I N S T R U M E N T A L  VARIATION FOR SIMILAR DAYS.  

Does any type of instrument show a constant relation 
to tranapirtition if the eiiviroiiniental conditions remain 
collstnllt a 

This question could undoubtedly be answered in the 
affirmative if we were s eaking of successive periods 
alike in every respect, a n j n o t  in any degree taxing the 
capacities of either plants or instruments, or producing 
proarevsive changes in them. 

*it11 the present data we can only corn are da s havin 
a. general re3emblance. It is to he note l  that  Jays wit!? 
301-500 minut,es of sunshine and with some ventilation 
a.re most numerous as shown by Table 1. We shall, 
therefore, anal37ze this group. In  Table 2 the instru- 
ments are compared for days of this class. 

TARLE 2.- Virit2bility of insirrimoafs for rlnrln nf z in i ik r  nzoixhine and crir ainwtnrnf .  

Tylw of instnimrnt. I 
Dat.um. 

1 Wiciml at end of srilcon. 

The No. 4 “sun” inst.rument is seen here to he among 
tlie least fluctuating of the instrunieiit,s with eiiriroii- 
mental c.onditions not going to my great estreiiies either 
as regards sunlight or air movement. The iiiost vnrialh, 
in order, are the Piclie “sun” nncl wl1it.e porous-cu 1, NO. 
3 “sun,” black porous-CUI), Piche “sliade” and k o .  4 
“shade.” 
No. 3 “sun” and Nos. 4 with 3-gauxy, %gauze, nnd 

glass variations, show themselves as consi~t~eiit, or more 
consistent in relation to transpira tion thnn the regular 
No. 4 “sun.” These, however, are all deficient as to 
time; that  is, they did not experience the ent.ire. range of 
conditions to which the Otlieis were siihjectecl. The full 
s‘ nificnnce of this will be seen in the nest  pa.rttgra$i. 
#we coni are Type 4 “ sun ” with Ty )e 4 3-gauze, wli~ch 

was operated, the variation is only 14.G per cent for Tvpe 
4 “suii.” It only seems safe to say that the Type4 group, 
as a whole, adheres most. closely to transpiration rat,c.s, 
and this in spite of the fact thnt its actu:rl evnporhoii 
losses are sniall and the va.riatioii clue bo innccruracy in 
wei hing should he a larger factor. 

f i ie variations for clays of this general class, ranging 
from 16 to 24 per cent, are still large and stdl lenm olwn 
‘the question whether under uniform eiiviroiinien tal coii- 
clitions plants and evtiporiniet,ers iiiny accord, which is 
redly a question of whether the plantms t,liemselves arc 
goveriiecl closely 11 -. esterior physical condibions or 

For bet,ter data on this point u7e ma.y refer to the jeriocl 
Noveniber 2-8, inclusive, when the wentlier coii d itioiis 
were very uniform, the greenhouse was constantly yenti- 
latecl, and there was no artificial shading. The tlurat,ion 

shows the r east variation, in the perioc 1‘ in wliich the latter 

exercise some coiitro r i n  the. vitalist,iC seiisc. 

5 ’ eflrieiit at. bvginiiing nlsenstm. 

of sunlight, in these seven clays vilried from 376 to 477 
minutes per day, the morninq vapor pressures from 0.121 
t.0 0.1~9 inches, niic~ the dn.iIy tralispirat,ion totals from 
151.4 grams to 137.9 granis. -4s these are all moderate 
amouiit,s, we can not conceive of the plants being seri- 
ously taxed or suff eriii any cuniulat.ive changes. Vncler 

evttporinieters are noted, wliich tire really quite reassuring 
11s to the possibilities of stiiiometry. 

Per rmt. 
KO. 4 “ P l l l l ”  .......~.._. . ._.  . . . ____ .  ._. . . .__.._.____ ._._.. ._. . . 4. a. 
KO. 4 ‘‘sun,’’ 1-gauze ... . __ .  . _ _ _ .  . _ _  __ .  . . . . ____._.___ _ _ _ _ _ _ .  __ .  6.3 
No. 4 ‘‘sun,’’ ?-gauze.. . -. . . . . . -. . . . . . . - - -. -. - -. . . . -. . . -. . - - -. . 5.9 
No. 4 “sun,” 3-gauze _ . _ _ _ _ _ .  _ _ _ _ _  _ _ _  _ _ _ _  __ .  _ _ _ .  __ .  . _ _ _ .  _.____. 7 . 5  

T,ivingst,on, is7hit.e.. . . -. . . . . - - -. -. - - -. . - -. . -. - -. . . -. - -. . - - - - -. . . S. 7 
T,iviugst.on, Iilack. ............................................ 4.6  
Picho ‘hsun*’ . . ___ .  . -. . . -. . - - -. . . - - -. - -. . . -. . -. -. __. _. . - ._. -. _ _  7.1 

Sea.sonnl ratios to tr.anspir.dion.-It has been brought 
out in the study of the transpiration of the trees that 
towiird the end of the season the total transpiration de- 
creased slightly in pro ortion to the ntnios heric stresses. 

what less transpiration than for similar condit,ions in tlie 
early part of tlie season. This chawe was thought to he 
clue t,o tho nginu and thickening of feaf epidermis as the 
sensoii nclvunce8 and t.0 increased solutes in the cell sap. 
The iiinrked chtiiige, however, was rest,ricted to one speci- 
ineti of Douglas fir, apparently in an unhealthy state. 

Such being the case, we sliould expect the ratios of 
inst,runiental evaporation to trails iration to increase 

acbuaUy huppenetl. Oily  the cla s with 201-500 minutes 
of sunshine and with some rentlation are considered. 

bliese conditions t,he 7 ollowing niean variations of tlie 

No. .I glass .................................................... 7.s 

For a qiven set of coii cf. itions there was, at t 7 ie close, sonie- 

towml the end of the season. 4 able 3 shows what 
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TABLE 3.-Rnt,ios of evaporation to transpirfltion ut diftwnt t imes  in the 
seiimn . 

Datum. 

Avenge ratio for all days of this 
class ............................. 

3irst loda 8 JuneS-27 ........... 
Middle 10 &is Aug. I-%. ........ 
Last 10 days, dct. 9-Nov. 8 ........ 

Type of instrument. 

I 

No.4. t:;;: 
sun- I gauze. 

I 
4.50 ’ 3.WB 
5.22 i 4.45 
3.s5 3.14 
4 . I Y  1 4.24 

13.38 I 13.82 10.44 
12.42 14.04 1 11.M 

17.64 I IS30 I 14.i3 
110.38 i 12.44 ~ 4 n  

-- 
1 Only 9 days. 

For all tTpes of atniomettm haring this complete rec- 
ord the ratio is lowest a t  nliclseason. 

For the Type 4 “sun” and its counterpart, tlie evapo- 
ration is relatively less at the end of the season. 

For the Livingston cup, and tlie Piche, the evapora- 
tion rate is higher a t  t,he end of the season. Tllis is 
what should be expected .;f the transpiration did decline, 
for the Livingston cups, at least, being spherical, w-oultl 
hardly be affected by the low elevation of the sun late 
in the season. The similar perforinance of the Piche is 
difficult to explain. 

The behavior a t  midseason is difficult to esplain escept 
on the ground of free transpiration in the trees as a 
whole, which apparently existed. Such rigorous trans- 
piration may possibly be accounted for by the comple- 
tion of new growth and the lack of concentrated solutions 
and of thikkened cell walls in the leaves. 

The behavior of the Type 4 instrunleiits indicates that 
the horizontal surface esposetl to tlie sun is not a.11 that 
might be desired for the study of individual plants. It 
should be stated that this kind of surface was definitely 
striven for in the view that in forest studie,s we are not 
so much concerned with the conditions affecting the in- 
dividual plants as with, for esample, the evaporation per 
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unit of round area. This view, however, is seen to be 
untenabfe in considering the factors which control the 
fate of the seedling nncl in large measure the ecological 
distribution of the s ecies, for the individual seedling is 
a unit of itself, and F ialf a million other seedlings on the 
same acre would hardly affect its response to evapora- 
tion stimuli. 

It is seen. howerer. that the Type 4 “accidentallv” 
takes care, Iiretty well, of the decrhaked tendency towbd 
transpiration after tlie apes of the season is passed. 

Dally pc~iiodic ~~r~i.j~ioratio,i~ an.d transp.i.rctiion.-As a fur- 
ther check of the various types of a.tmonieters against 
the behavior of plants, both were measured 011 a bi-hourly 
basis for one day, October 37, 1917. The day wa.s clear 
after 9 a. ni. and before 4 p. in., showing 436 minutes of 
sunshine out of a possible of 634. The greenhouse was 
kept closed, so that there was no air circulation except 
that created by the nioveinent of the table. Artificial 
heat was used in the latter part of the day and a t  niolit, 
so that, tlie temperatures were very liigli and t e n d ‘  to 
tax the tra.nspirittion capacity of the trees. 

Brforc considering the relation of the evaporation froni 
instruments to that from tlie trees, it will be vrell to note 
the behavior of the trees with relation to the environ- 
iiie1i ttd conditions. This is iiinde possible by frequent 
observations on huinidity and by frequent checks of the 
blac.k-bulb temperatures recorded by the thermograph. 
A s  has been discussed in another paper ( ,I)  the saturation 
deficit expressed by t.lie,difference between actual vapor 
prrssy,rc sncl saturation pressure corresponding to the 
“ sun or bhck-?>Ulb teniperature, in the absence of ap- 
preciable nir circulat,ion would appear to control most 
directly the rate of diffusion of the vapor from plnnts. 
In t1ie.prescnt case, the relations woulcl not be imteriallg 
changed if we coiisiclered the plant t,eniperatures reduced 
by  HI^ aniount, for esauiple, equal to the wet-bulb de- 
pression, which woulcl be about the only basis for cor- 
recting the recorded ‘. sun” temperatures. 

Thc data on which Dittgrani 1 is based are shown in the 
following table: 

I Condition uliser\-ed at- I Yem for period centering at- 
Datum. I ;:?Sa. I 9:283. 1 11:s 3. 

................ ........ 
............................... .. SunteniperatureI 

Ssruntion pressure * 
Drv-lmlb teniperdture.. ................... 
W6t-bulb temperature ..................... 
Vapor pressure 2.. ......................... 
Sa+.uration deficit 

......... ............... ... ........ ..... 

......... ......... .... 
- -- -- -.- ~ - _ _ ~  

1 Means for periods porn uted from thermorr;lph rerord. 

a Temperature held up after 5:30 p. in. by srlifirial hhst, going 3s high LII i0’ F. Irt 1u p. m. 
Computed from table &r hsrometric prersure 23 in. as loml tsble does not rQ3Ph Iiighe-t temperatures. 

Diagram 1 (fig. 4) indicates that t,he rate of t,ranspira- 
tion is proportionate to the evaporation stre:? \yes, as meas- 
ured by saturation deficits; until prncticallp through tho 
period ending a t  1:30 p. m. Then it falls very rtipidly, 
though the atmospheric stress is even greater in t,he nest  
period. During the afternoon and night, t,he curve 
returns a t  a lower level, apparently approaching it,s orig- 
inal base a t  the be inning of the second day. 

curve : 
1 .  The stomata may close when the highest transpira- 

tion rate is attained. 
3. The morning. transpiration may be in excess of water 

intn$e, thus tending to produce a gradually more con- 

There are severa 7 possible esplanations of this diurnal 

centrated solution in t,he leaves. If this alone were the 
cause, however, we shoulcl not espect, such a marked 
drop in rate for the period 1 9 0  to 3:30 p. m., and we 
should espect more rapid recovery to t.he morning rate, 
since in the period mentioned blie loss yas  smrcely greater 
than from (3 :30 to 1 1  :30 a. 111. 

3. The morning transpiration mt.e may be accelerated 
by the riw ill tenipernture, us discussed in the theoretica.1 
phases of the subject. In this instmice the highest. sun tem- 
perat,ure was recorded just about 1 p. m., but there was a 
secondary rise of about 5’ F. an hour later. The. p a t e s t  
suiilight intcnsity was probah!y a t  noon or a little before. 

That the sudden decline in transpiration rt1t.e soon after 
noon is not due either to the factor described under (1) or 
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(3) above may be determined by inference from an essnii- 
nation of the behavior of the different species wliicli 
comprised the roup of 12 trees. In fact, one yellow pine 

decreasing. f h e  behavior of the species is shown by 
diagram 2 (fig. 5). Comparing the loss in the fourth 

showed a sli a t increase while the other trees were 

FIB. 4. 

with that in the third period, for each speries, we obtain 
the following relations: 

Bp*.clcs. 

..!. - 
.! (1. !I;:: l;rllow pine.. -.,< 

i 

............................................................ 
. I -  Brisrlc-cone ............................................................. . li.-:!l Limlar pine.. ........................................................... 

Engvlmuuu s;pnlcp . t i l7  . I..,: I Lodgepole pine.. ......................................................... 
. : ;h i  Diiiiglns fir 

..................................................... 
.............................................................. 

The behavior of the last two species adeciuntcly hnit- 
ishes the idea that recluction of traiispirntion is due to  
exhaustion of either the plant water or soil nioist ure. 
The species showing the least total loss is most reduced : 
that showing the greatest niost, nearly niaintnins its rate. 
As between these extremes, we believe the differeiicv to 
be one primarily ilepenclent on t!lie condition of the trees. 
"he transpiration of lod epole and Douglas fir, re1:latiw 
to the whole, had been ri ecliiiing for some tiiiie prior to 
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FIG. 5. 

7/M€ 8 
Fro. 6. 
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A study of dia am 3 (fig. 6) shows that if the 

factors that a t  the highest point their losses approsi- 
mately equal the total transpiration, (1) d escept the 
white porous cup show a sharp decline with the first 
decline in transpiration; (2) the white porous cup shows 
its dependence a t  all times on atmospheric conditions 
rather than on “sun” temperatures; (3) the porous cups 
and Piche types show five to seven times as much 
evaporation a t  night as do the trees; (4) the Type 4 
“sun” instrument more close1 follows the trees a t  

rather than heat of the air. 
These are essentially the same relations shown by the 

comparative behavior in different kinds of days. 

evaporation from’ t I? e instruments be increased by such 

night because dependent, like t z em, on radiant energy 

SUMMARY. ’ 

The Type 4 “sun” wick evaporimeter represents tlie 
most complete development of an effort to duplicate by 
mechanical construction the physical features of the 
plant which control basically its res onse to evaporation 

blackened surface of the cover, absorbing the energy of 
sunlight to a high degree, and transmitting this eneruv 
by conduction through brass to the moist wick imine%- 
ately beneath and in contact with the cover: (3) the 
position of the wick, removed from immediate ccmtact 
with the outside atmos here, so that the air itself is not 
an important source of R eat for evaporhon, and so thnt 
vapor formed between the disk perforations, correspontl- 
ing to stomata, does not diffuse too readily to the outer 
atmosphere. 

These features permit the type 1 wiok eva oritneter to 
follow plants, tlwaugli wide vwiriatiom in sui3ight :inti air 
movement, more closely than any other atmonieter which 
has been used or tested in the present case. Moreover, 
under rather uniform conditions, from da+v p day, the 
relatioiis of evaporation to transpiration, with t!iis instru- 
ment, are more consistent than with others, in s lite of the 
fact that the actual losses are relatively snial \ and the 
possibility of variations due to  inaccuracy in weighing 
pro ortionately great. 

&e “shade” or polished-to evaporimeter of Type 4 
possesses no advantages over t ll e ‘ I  sun” instrument, and 
the operation of the two phases side by side offers no 
possibilities as a means for measuring sunlight inten- 
sities, or even as a means for showing the estent to wliicih 
plants are influenced by sunlight. 

The essential points in the operation of the Type 4 
evaporimeter are : 

1. The use of distilled water. 

stimuli. The important features, p rl gsically, are (1 1 the 

2. Replacement of wicks whenever they become soiled 
a t  tlie edge3 or a t  the points most directly esposed to the 
nir. 

3. The use of 1ieav.y damask for wicks, because of its 
strong capillary properties nnd large capacity. 
4. Citlibratic>ii whenever i t  becomes necessary to re- 

place wicks or to remove the cover. 
5. Firm placing of the cover to  obtain close contact 

with disk wick. 
6. The use of scales having a capacity of 1 kilo and a 

sensitivity of 0.1 or 0.2 gram. 
7. In  freezing weather i t  is preferable t3 maintain the 

water in the tanka a t  tlie lowest level comnieiisurate with 
the needs of daily or weekly evaporation periods. It is 
never desirable t o  fill the tanks to capacity. 

S .  Lamp1)lack mixed with turpentine to the consistency 
of a thin p s t e ,  aiicl applied with a camel’s-hair brush, IS 
tlie best coating for covers so far tried. It should be 
retou;*lietl or replaced whenever any considerable area of 
tlie nic.keled surface shows through. Ordinary yain:: 
with a luster, should be avoided. 
paints :we fuir substitutes for lanipblack. 

9. The esterior polished surfaces of the instrunient 
should he kept clean so that they do not become ahsorb- 
era of insolation in any ninrkecl degree. 

10. Tlia instruments tire preferably placed on the 
ground, or. if above the ground, in baskets which do not 
creute any artificial rellecting surfnces below the disk, 
other thitii those of the instruinelit itself. 

The preseiit development hns proclurecl an instrument 
which is eminently 1)rltctic.d in addition to integrating 
solar aiid atniospiieric widitions in muc.11 the same way 
ns does the plant. No new tlifficulties are encountered 
in attempting to use i t  for yenr-long cliniatological studies. 

Certain i‘dead-b ack 
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T H E  MEASUREMENT O F  RAINFALL AND SNOW. 
By ROBERT E. HORTDN, Cinnsultiiig Engineer, Albany. X. Y. 

[Abstract from Journal of the Neu England Water Works Asstriation. 191SI ~ 1 .  SJ, no, 1. pp. 14-71.21 figs., 13 tables.] 

usefulnew. Some att&tion will he +en tQ thgqueatiun cIf tl& rtalia- 
bility of the results obtained from a single minewe as applied tu larger 

This thorough pa er on the measurement 01 rainfall 
and snow o ens wit R a discussion of the history of rnin 
ages and o P early observations,. particularly those of the 

bnited States. . Betaileci clescriptions of various forms 
of rain gages follow. Passing over many of these details, 

slopes ns cornpiired with rmigage indications. 
or smaller areas around it.” “ ERRORS OF Ii.\INFALI, 3IEbSUREBLENTY. 

“The usual errors to which rainfall records are subject, 
include: 

“ 1. Observutional errors, personnl equation, and mis- 
takes. 

“2. Instruniental or ratio error. 


